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vAbstract
The New England landscape has undergone significant changes 
since the arrival of European settlers. Variations in the accumula-
tion of allochthonous and autochthonous sediment in lakes pro-
vides a unique opportunity to evaluate the response and recovery 
of a lake and its watershed to human disturbances in comparison 
with long-term natural variability. Trout Pond is a small (0.06 
km2), 13 m deep lake in Lyme, New Hampshire (43.83° N, 72.09° 
W). In the late 19th century a small logging camp was located near 
the pond and much of the 1.5 square km watershed was defor-
ested. Currently protected by a conservation easement, the Trout 
Pond watershed has completely reforested and is free of any direct 
human impacts, making it an ideal site for examining the response 
and recovery of a forested watershed to human disturbances. A 
1.45 m sediment cores, recovered from the deepest part of Trout 
Pond, was analyzed using a multi-proxy evaluation of the bulk 
density, organic carbon content, total nitrogen content, bulk δ13C, 
magnetic susceptibility, and diatom content of the sediments. A 
chronology, derived from 137Cs, bulk Pb, and two, radiocarbon 
dates, was used to evaluate the geochemical results over time.
Results show a constant period of sedimentation for the first 
~1800 years of the core. We attribute the onset of human land-
scape to changes in the watershed between 1820 and 1890 AD. 
These changes are evident in the geochemical and biological 
proxies, with sharp increases in bulk density, total organic carbon 
and nitrogen, more negative δ13C values and increases in the cen-
tric to pennate ratio and total abundance of diatoms.  Historical 
evidence of three, active sawmills in the Trout Pond watershed 
during this time period support our findings. Only in the past 
60 years (~1950 AD- present) has there been a decrease in bulk 
mass, carbon and nitrogen accumulation rates to pre-disturbance 
values. While land use rapidly changed the landscape during the 
early 20th century from deforestation to re-growth, the land use 
signal recorded in the Trout Pond sediments show a lag period 
between reforestation and a decrease in bulk mass accumulation. 
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8Introduction
9Freshwater lakes are important resources for a variety of reasons: they support vast 
ecosystems, supply sources of drinking water and recreation, and their natural aesthetics 
are valuable commodities in the real estate market. Protecting and managing these 
resources requires an understanding of the range of natural variability and potential 
vulnerability or causes of change to these systems. Over long periods of time, freshwater 
systems are susceptible to natural climatic variability, major storm events, forest fires and 
watershed disturbances. In addition human activity can cause changes in nutrient input 
and rapid landscape change, further impacting lakes and pond. 
Studies on New England watersheds indicate that anthropogenic changes in 
historical land use drastically changed the pre-colonial landscape. Prior to European 
settlement, New England was primarily a forested landscape. Early land use by European 
settlers, such as forest clearance, agriculture, and the development of cities began after 
1650 and caused a swift and dramatic change to the New England landscape and its 
accompanying ecosystems (Foster et al., 1998). By 1830, 80% of land in New England 
had been deforested (Foster, 1992, Figure 1). In subsequent years, beginning in the 
1850’s, agriculture was relocated to the Midwest, with rural New England populations 
abandoning farming and grazing to relocate to urban centers. Currently, 65-90% of the 
New England landscape has been reforested (Foster et al., 1998). This reversal of forest 
decline to expansion is known as forest transition theory (Perz, 2007). The regional 
pattern of intense land use disturbance followed by widespread abandonment provides an 
excellent opportunity to examine the nature and rate of watershed response to changing 
intensities of disturbance (Francis and Foster, 2001). 
Understanding the different responses of a watershed to different degrees of 
disturbance is imperative to grasping the concepts of natural watershed recovery. 
Previous studies on recovering watersheds suggest the main signatures of disturbances 
are increased erosion and sedimentation rates, along with elevated aquatic productivity 
(Francis and Foster, 2001). It has also been suggested that subsequent reforestation of 
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11
a deforested watershed is reflected by a delayed, partial recovery in the pond (Koster 
and Pienitz, 2006). Interpreting what partial recovery implies is less understood, and 
the outstanding questions on reforested watersheds focus on quantifying recovery and 
estimating the period of time between the end of direct disturbances and the onset of 
recovery.
This report focuses on three fundamental scientific questions related to the effects 
of European settlement on the watershed: determining the impact of land disturbances 
(logging and forest fires) on sediment yield and the length of time required for the 
system to recover (if the system does recover); whether the system is recovering to its 
pre-disturbance state rather than a new steady state; and how the impact of human 
disturbance during the 19th and 20th century compare with natural variability prior to 
human settlement. Each of these questions is essential to understanding restoration 
management in damaged watersheds. If indeed the pond has responded from its disturbed 
conditions by establishing a new background level, the question then becomes whether 
or not it has truly recovered. New conditions, differing from pre-settlement conditions, 
would suggest that the detrimental nature of landscape change on the watershed has 
proven irreversible to the biodiversity of the pond. Changes in the pond could also be due 
to more distal human influences, such as the increase in air-born pollutants (Carpenter et 
al., 1998). 
An analysis of the geochemical and physical properties of a 1.45 m sediment 
core taken from Trout Pond was conducted in order to reconstruct past lake and 
watershed conditions. This study examines the relationship of depositional changes in 
Trout Pond to changing environmental conditions over the past 1000 years, namely the 
intensification of human disturbances on and around the watershed in the past 300 years. 
The organic contents of a sediment record are a reflection of past biota, the abundance 
and diversity of which consequently reflect environmental conditions that impacted past 
ecosystems (Meyers, 1997). Landscape disturbances were evaluated by comparing pre-
12
European settlement sediment accumulation rates to recent rates of sedimentation. This 
methodology incorporates complimentary evidence of changes to both the terrestrial 
and aquatic environment around the watershed and results in a high-resolution paleo-
reconstruction.
1.2 Study Site
Trout Pond is located in Lyme, Grafton County, New Hampshire at 43° 49’N,  72° 
05’ W, in the Connecticut River Basin (Figure 2). The pond is the source of Trout Brook 
to the North and is one of the main catchments in the Trout and Clay Brook watershed 
(Figure 4), which flows west to Post Pond on its way to the Connecticut River.  The site 
characteristics of Trout Pond are displayed in Table 1. The pond covers a surface area of 
.055 km2 in a topographic basin, surrounded by Moody Mountain to the north, Smarts 
Mountain and Lambert Ridge to the east, and Demmic Hill to the south (Severance et 
al., 2007). The pond is fed by a large swamp to the south, and the outflowing Trout Brook 
exits at the northern end of the pond. The Trout Pond Forest is managed by the town of 
Lyme, which has acquired nearly 400 acres of the Trout Pond watershed. The depth ratio 
of the pond suggests that it has a paraboloid bathymetric contour (Kalff, 2001). A pond’s 
morphometry can have a major impact on turbulence, stratification, sedimentation, and 
the extent of the littoral-zone (Kalff, 2001). The importance of the depth ratio is that small, 
deep lakes such as Trout Pond are less susceptible to wind mixing and thus sediments are 
less likely to have been disturbed. Coring was completed at the deepest section of Trout 
Pond, at 13.4 m (Figure 3). Also, the large watershed area to surface area makes Trout 
Pond a particularly interesting study site. Because the size of the catchment is large relative 
to the size of the lake, the sediment pulse should be especially sensitive to changes in the 
surrounding watershed. This was the primary justification for coring Trout Pond rather 
than dozens of other ponds in the area with a similar history of recovery: the size of the 
watershed relative to the sink made it an extremely sensitive area to land use changes, and 
13
 
Trout Pond  
Max Depth (m) 12.5 
Surface Area (km2) .105 
Watershed Area (km2) 1.53 
Elevation (m) 364.8 
Lake Area (km2) .05 
Max Relief (m) 3.7 
Watershed area to surface area ratio 14.57 
Depth Ratio .035 
 
Table 1: Summary of site characteristics for Trout 
Pond
14
 
A 
A 
A’  
Figure 2: Bathymetric contours of Trout Pond based on a map published by the New 
Hampshire Fish and Game Department. The line from A—A’ shows the path of the 
sonar track made to display the acoustic profile seen in Figure 3.
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the changes reflected in the sediments were unlikely to have been affected by serious wind 
mixing.
1.3 Bedrock and Surficial Geology
The bedrock unit present in Lyme is a gray, strongly foliated biotite-muscovite 
granodiorite with associated tonalite and granite called the Bethlehem Granodiorite. This 
Early Devonian series is part of the New Hampshire plutonic suite, a 410-365 Ma series of 
plutons that formed after the Acadian orogeny (Severance et al. 2007). The granodiorite 
is bounded by interbedded gray phylite and feldspathic metasandstones. Small pockets 
of calcium within the granite bedrock contribute to slightly higher pH levels in some of 
Lyme’s watersheds. The soils draining into Trout Pond consist primarily of glacial outwash 
materials of varying clast sizes, remnants of the last ice age, approximately 17,000 years 
ago. The terrain varies from areas of shallow, poorly-drained soils, to well-drained gravel 
ridge (Trout Pond Trophic Report, 1995). 
1.4 Lake Characteristics
A 1995 lake trophic report (Trout Pond Trophic Report, 1995) concluded that Trout 
Pond is a natural lake system displaying summer thermal stratification, where there is 
a consistent temperature gradient in the water column. This study made a thorough 
investigation into the biological and chemical components of the pond as part of an 
initiative to gather water quality statistics for all fishing ponds in New Hampshire. The 
samples were taken cooperatively with the NH Fish and Game Department and the 
pond is regularly sampled as part of the Acid Rain – Remote Ponds program. This report 
suggests that the primary input into the pond is surface runoff from the southern marsh 
system. This means that there could be some filtration process in the swamp prior to 
materials entering the lake catchment, however it is not known how long this wetland 
region has been in existence and it may be a product of human activity. 
While the pond has a nearly neutral pH (ranging from 6.2-7), it supports the growth 
18
of acid-loving plants such as sphagnum (peat moss) and sarracenia purpurea (pitcher-
plants). The biological makeup of the lake is shown to fluctuate seasonally. The dominant 
phytoplankton in the spring, dinobryon (60%), is replaced by oscillatoria (50%) in the 
late summer and fall. Asterionella formosa, a pennate freshwater diatom that forms in 
star-patterned chains, is continually present, according to the study, varying in abundance 
from spring to fall between 35-40% of all phytoplankton. 
1.5 Historical Records
While the current status of Trout Pond has been clearly defined, there have likely 
been changes in lake inputs within lake processes over the past 300 years. Historical 
records of the town of Lyme suggest that the earliest inhabitance near Trout Pond 
occurred during the early 19th century. The town itself was founded in 1761, and 
90% of the land around the town had been cleared by 1820 (Lee Larson, personal 
communication, 2012). Remnants of past logging operations exist on the easterly edge 
of the swamp feeding into Trout Pond from the south, including iron scraps from the 
remains of a logging camp in the 1900s (Lee Larson, personal communication, 2012). On 
a 1927 map in Goldthwait’s A Town That Has Gone Downhill, the area surrounding Trout 
Pond is described as hardscrabble, or marginal farmland (Trout Pond Trophic Report, 
1995). The property was sold to Walter Piper in 1891, and he constructed two small, 
steam-powered mills, one near the outlet of Trout Pond and the other further downstream 
on Trout Brook. These mills, and a third location downstream from Trout Pond, were 
likely supplied with trees around the Trout Pond watershed. Barbed wire, old stone walls, 
and foundations within the western section of the property suggest that this area was 
cleared at one time for agricultural purposes. Agricultural use was abandoned sometime 
in the early 1900s. A 1955 aerial photograph shows the area surrounding Trout Pond in 
transitioning back into a forest. A small cabin existing near the trailhead at the North of 
the pond is the remnants of a tarpaper shack that was occupied by trappers, fishers, and 
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hunters before its degradation in the late 1960s (Lee Larson, personal communication, 
2012). Piles of Hemlock bark, located on a small ridge between Trout Pond and a swamp 
to the south are the remnants of a leather-tanning workshop (Trout Pond Trophic Report, 
1995). 
Trout Pond is an ideal site for sediment coring because of its distinct topography 
and bathymetry. It is a deep, thermally-stratified pond with a small fetch due to its 
relatively small size. This allows for depleted oxygen conditions at depth and limited wind 
and bio-turbation of the sediments. Turbation in either form mixes the sediment at the 
lake-bottom and results in a lower resolution sediment record. It is therefore useful to 
pick a study site that minimizes these factors to ensure a high resolution stratigraphic 
record. Trout Pond also has a distinct input and a large watershed, making it a sensitive 
indicator of abrupt changes. Most importantly, Trout Pond is free of direct human impacts 
on its watershed today, making it a better analogue for interpreting past environmental 
conditions from the sediment record than a modern pond that continues to be affected by 
human impacts. This study essentially determines how a pond recovers in the absence of 
human interaction. 
1.6 Previous Research
A map depicting the location of field sites used in comparison to this study is 
provided in figure 5. A previous study on the environmental history of New England 
(Koster and Pienitz, 2006) used similar proxies to this study, including an evaluation of 
diatom assemblages based on environmental changes in the watershed. Koster and Pienitz 
(2006) looked at two ponds, North Round Pond and Levi Pond, from Vermont and New 
Hampshire respectively, that had a history of European disturbance followed by natural 
recovery similar to that of Trout Pond. The results of this study show elevated planktonic 
to benthic ratio and dissolved organic carbon in both lakes over last 100 years, with peak 
values between 1960 and 1990 AD. This suggests elevated productivity within the pelagic 
20
 
 
Trout Pond      Pecker Pond 
North Round Pond     Levi Pond 
Wickett Pond     Walden Pond 
 
_^ _^
_^ _^
_^ _^
Figure 5: Regional location of Trout Pond in New England, with respect to the 
study sites mentioned in the comparative literature.
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region of the ponds and increased water turbidity (Koster and Pienitz, 2006). The increase 
in aquatic productivity during this period of time is hypothesized to be the cause for the 
higher total organic carbon and sedimentary organic material than that of pre-disturbance 
levels (Francis and Foster, 2001). Increasing nutrient inputs from the watershed, 
increased sedimentation and filling of the lake basin were hypothesized to be the causes 
for eutrophication during the better part of the 1900’s, based on observations in Francis 
and Foster (2001).  The authors attribute the delay in recovery to the 1938 hurricane and 
lasting acidification of the lake due to acid rain and nutrient loading.  
Another study by Koster et al. (2005) was conducted at Walden Pond, Concord, 
MA to assess human-induced impacts. Unlike Trout Pond, Walden Pond is still directly 
impacted by human interactions on the landscape. This report uses stable isotope and 
diatom analyses to divide the 1600 year-old stratigraphic record into three major periods.  
The first period, which constitutes the first 114 centimeters of the 140 centimeter core, 
ranges from 430 to 1750 AD.
Around 1750 AD, there is a noticeable shift in diatom assemblages and the 
concentrations of carbon and nitrogen that is clearly beyond the range of natural 
environmental variability. The formerly dominant Tabelleria flocculosa, a pennate 
member, was replaced by centric assemblages such as the species Cyclotella stelligera 
(Koster et al., 2005). Stoermer et al. (1985) relates the increase of cyclotella abundance to 
initial nutrient enrichment. Koster et al. (2005) thus attributed the increasing abundance 
of C. stelligera to the removal of vegetation in the catchment of Walden Pond to logging 
activities, but also states that its abundance may decline with further nutrient enrichment.  
Based on the sharp decreases in organic content, the authors attribute the initial dilution 
of terrestrial vegetation entering the catchment to logging, which led to an influx of 
inorganic sediment. It is unlikely that the decline in carbon and nitrogen is related to a 
reduction in lake productivity, because human settlement typically corresponds to initial 
nutrient loading (Koster et al., 2005). 
22
  The final zone classified by Koster et al. extends from 1920 to the present, and 
is marked by increased nutrient supply derived from increased human activity on the 
watershed. This distinction is based on exponential increases in nitrogen and organic 
carbon, suggesting increased productivity within the lake due to excess nutrients. 
Methods emplaced to reduce erosion, wastewater seepage, and railway construction all 
contributed to greater nutrient supply and decreased clastic input. This zone is marked 
by an abrupt change in diatom species, from diatom assemblages associated with 
oligotrophic conditions and moderate catchment disturbances. Over the last 25 years, 
stabilizing diatom assemblages and δ13C values suggest that management practices, such 
as storm water-runoff control, building berms on the side of trails to reduce erosion, and 
monitoring of groundwater down gradient from a septic leach field, have reduced nutrient 
loading and the amount of terrestrial carbon entering the system.
Another study, conducted by Francis and Foster in 2002, looked at the response of 
three, small New England ponds to historic land use. These three ponds, North Round, 
Pecker, and Wickett, are located along the New Hampshire-Massachusetts border and 
have experienced a similar forest transition from deforestation to reforestation. All 
three of the ponds experienced an increase in erosion and sedimentation rates after 
deforestation.  In each instance, the trend of heightened deposition ceases shortly after 
reforestation began, although sedimentation rates are still higher than pre-European 
disturbance. This phenomenon is also noted in Douglas Lake, Michigan (Francis, 
2001) where a similar study found elevated sediment-accumulation rates in spite of 
reforestation of the watershed following logging. The three lakes also experience a general 
increase in organic matter accumulation over pre-settlement levels and a decrease in 
Carbon:Nitrogen (C:N) ratios. This decrease suggests an increase in the productivity of 
aquatic organisms, because aquatic plants have less structural carbon (and thus lower 
C:N ratios) than terrestrial plants. There is a pattern of initial disturbance, reforestation, 
and partial recovery similar to the study conducted by Koster and Pienitz (2005). The 
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parameters investigated in this study have not returned to their pre-disturbance states, 
and this is also most likely due to increased productivity in the lake.
These three studies, one in a continuously impacted site and the other two in sites 
undergoing restoration, offer a spectrum of results for the effects of human disturbance 
on a watershed. In both cases, the sediment accumulation rate has accelerated since the 
introduction of human activity and has yet to settle down to its pre-settlement rate. This 
trend is consistent at a regional scale, as top soil erosion throughout the Atlantic Coast 
region increased rapidly after European settlers began converting the forest into cropland 
as early as the 17th century (Meade, 1982). This period was followed by a reduction in 
erosion due to a decrease in agricultural land use, but the sediment loads of rivers have 
not decreased. While the period of erosion has passed, much of the eroded sediment 
has not left the system. In one case in southern Piedmont, South Carolina, it has been 
estimated that 90% of the 25 cubic kilometers of soil eroded upland over the last 200 years 
is still stored on hillslopes and in valleys (Trimble, 1975). This suggests that there can be a 
significant lag time between the end of erosion and the deposition of the eroded material 
in a catchment. This is not necessarily the case at Trout Pond, as differences in bedrock, 
soil composition, severity of deforestation, local storm history, and slope inclination all 
effect the storage of eroded soil, although it is possible that a similar lag could exist in the 
New England setting. In particular, the relatively small size of the Trout Pond watershed 
and its short stream drainages suggest that sediment storage within the watershed may be 
less relevant at this scale. Each time there is a large precipitation event, the excess debris is 
deposited along with the natural runoff supplied in a growing forest. 
While the reforested ponds in two of these studies indicate that they are slowly 
returning to pre-disturbance conditions, Walden Pond continues to show strong 
disturbance indicators due to continued human influence. Trout Pond is expected 
to follow the path of European disturbance and partial recovery detailed in Koster 
and Pienitz (2005) and Francis and Foster (2001). It is thus likely that the current 
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sedimentation rate will be faster than its pre-disturbance condition, and that productivity 
within the lake as recorded by total organic carbon and the centric to pennate ratio of 
diatoms will show delayed increases in the past 100 years that have only recently stabilized 
with the onset of recovery. The similarity of this study to previous work discussed above 
is imperative to creating a more general idea of disturbance and recovery on small, 
reforested watersheds, and the history of regional forest dynamics in post-colonial New 
England (Foster et al., 1998). The study of reforested watersheds is still relatively limited, 
and it is necessary to accumulate data for ponds undergoing different rates of recovery 
after different degrees of disturbance to fully grasp the concepts of natural watershed 
recovery. 
1.7 Chronological Control of Lacustrine Sedimentary 
Record
For any observations made within the sediment record, it is important to have a 
temporal reference. A long-term chronology is established from radiocarbon dating of 
organic material in a known part of the core. Materials such as sticks or leave fragments 
from onshore plants are ideal for this dating, because they are easily identifiable organic 
materials. Terrestrial macrofossils are also preferred because terrestrial material eliminates 
the uncertainty that is association with the reservoir age of dissolved carbon in an aquatic 
setting. This method is used especially for age controls in the oldest parts of the sediment 
record, because radioactive carbon (14C) has a half-life of about 5,730±40 years. 14C is 
one of three Carbon isotopes (along with 12C and δ13C), and it makes up a trace amount 
of total Carbon. 14C is a cosmogenic nuclide that is produced by the bombardment of 
cosmic ray on nitrogen in the atmosphere, and thus the production of 14C varies with 
the abundance of cosmic rays (Bard et al., 2000). The difference in concentrations 
between carbon sinks (such as oceans and lakes) and atmospheric 14C also contributes to 
fluctuations in the amount of available 14C throughout time (Siegenthaler and Sarminto, 
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1993).  Because of variations in the concentration of 14C through time, 14C dating comes 
with inherent uncertainty. It is possible for samples of different calendar year ages to 
produce similar radiocarbon ages because the atmospheric 14C concentrations through 
time overlap. It is therefore useful to have multiple dates, as well as other temporal 
indicators to identify an accurate estimate on any 14C dates.
Radioisotopic analysis of 137Cs and the evaluation of bulk Pb are effective ways 
to bridge the gap between the radiocarbon dating of materials and contemporary 
observation. 137Cs is a manmade radioisotope that was first produced and dispersed into 
the environment in 1954 as a result of atomic bomb testing (Oldfield et al., 1983). 137Cs 
fallout in the Northern Hemisphere peaked in 1959 and 1963, due to increased nuclear 
testing until 1963, when the United States, United Kingdom, and the Soviet Union agreed 
to the Partial Nuclear Test Ban Treaty that disallowed nuclear bomb testing above ground. 
Because of the end of nuclear testing, 137Cs concentrations decrease from its peak values in 
1963 towards the present day. 
Bulk lead measurements were acquired to provide another control point on the 
recent chronology. Bulk lead is similar to 137Cs  in that they both can provide two, recent 
age dates based on peak signatures related to human-induced atmospheric pollution. 
The chronological significance of bulk lead measurements is, however, less certain. The 
accumulation of bulk Pb and other heavy metals in New England lake sediments is related 
to industrial pollution and fossil fuel combustion in automobiles in the late19th and early 
20th century. Remote lakes in New Hampshire and Maine have generally experienced a 
delayed onset of Pb pollution due to their isolation from large industrial centers (Norton 
et al., 1997). There is a significant decrease in the accumulation of Pb in lake sediments 
that marks the enactment of clean air regulations and the phasing out of leaded gasoline. 
In Pb profiles of other New England lakes, these events have been observed between 1970 
to 1980. 
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1.8 Sedimentary Record Analysis
The preservation of organic matter is imperative to creating accurate reconstructions 
from lacustrine sediments (Pickhoff, 2009). The sources of organic matter in a watershed 
are both terrestrial and aquatic. Vascular and non-vascular plants on shore are deposited 
in the sediment record, along with lacustrine vegetation. Organic matter is unstable 
and subject to decomposition in oxidizing environments (Meyers, 1999). Bioturbation, 
the physical process of mixing sediment, can enhance degradation by returning buried 
organic matter to the sediment water interface where it may be oxidized. In most natural 
systems, therefore, only a small proportion of the original organic matter is preserved.
Turbulent mixing also disrupts the preservation of organic matter in shallow lakes 
by re-exposing organic matter to oxidation (Appleby, 2001). Sediment cores should 
therefore be taken from the deepest section of a water basin because it represents the most 
intact sedimentary record. The following is a brief description of the proxies that will be 
used to examine the sedimentary record at Trout Pond.
Dry Bulk Density
Dry bulk density is, as the name suggests, a measurement of the density of a 
dehydrated sediment sample, which is a function of the composition and the packing, or 
porosity, of the sediment. By removing the water from the sediment sample, the density 
of the material can generally be seen as the relative proportion of organic to inorganic 
material. Changing rates of sedimentation are therefore unlikely to influence the density 
of the sediment unless there is an associated compositional change of the sediments. 
The influx of clastic material after a storm and the dilution of organic material due to 
decomposition are two causes of changes in bulk density. Dry bulk density and LOI are 
inversely related, as an increase in one necessitates the decrease in the other. 
Loss on Ignition
Loss on ignition (LOI) is the percent of a dry sediment sample that is volatized 
upon ignition at 550°C, a numerical value that is related to the amount of organic carbon 
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in the sediment (Shuman, 2003). The percentage value roughly reflects the amount of 
organic matter in a sample.  This value can fluctuate due to changes in inorganic input 
rates, the preservation of organic material, and changes in organic production: higher 
organic matter concentrations suggest there are several inputs of organic rich materials, or 
that organic decomposition is inhibited due to anoxic conditions. Organic-rich material 
is divided between allochthonous (terrestrial plant matter) and autochthonous sources 
(lacustrine algae). 
Organic matter records are highly variable due to the changing sedimentation rates. 
LOI variation is controlled by changes in organic and inorganic inputs, as well as changes 
in decomposition rates. The input of terrestrial minerogenic sediments or autochthonous 
inorganic sediments can dilute the organic matter, making LOI only a crude indicator 
of paleo-productivity (Meyers, 1999). Changing rates of decomposition also distort 
the amount organic matter being preserved. When there are more active decomposers, 
the amount of organic material that is preserved decreases, skewing our knowledge of 
what is being deposited. Increased oxidization of the benthic zone is a common cause of 
increased decomposition that results in the loss of organic material (Cooper and Brush, 
1993). When LOI is coupled with accurate bulk density measurements, it is possible to 
obtain a more accurate organic matter record. If the sediment accumulation rate is known, 
than it is possible to calculate the rate of organic carbon and the rate of clastic input 
independently and correct for the actual accumulation rate.
Total Organic Carbon (TOC) 
 Total organic carbon (TOC) is an indicator of lake productivity that roughly 
mirrors LOI. While LOI is only an indirect indicator of organic matter content and 
TOC is more accurate, TOC is far more time and cost intensive. Thus, by doing both, 
LOI measurements can be obtained at a higher resolution and be used to fill in the gaps 
between the more precise TOC measurements. TOC in sediments is an indicator of 
organic matter accumulation and is related to sedimentation rates (amount of input) 
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and benthic oxygen demand (bacterially facilitated decomposition) (Cooper and Brush, 
1993). Several types of phytoplankton contribute to the accumulation of organic carbon, 
a process which consumes oxygen during the organism’s decay. Nutrient loading leads 
to excess phytoplankton, which in turn leads to the depletion of dissolved oxygen 
at the benthic level and enhanced organic matter preservation (Cooper and Brush, 
1993). Increases in organic carbon correlate to increases in productivity due to nutrient 
availability. When coupled with nitrogen, organic carbon can be used to determine the 
provenance of carbon in the lake system.
Total Nitrogen
Total nitrogen is also an indicator of lake productivity, as it is a limiting nutrient in 
aquatic systems, along with phosphorus. Nitrogen is derived from terrestrial inputs such 
as soil and decomposing plants, and thus serves as an indication of the input of landward 
material.
Carbon: Nitrogen (C:N) Ratio
The ratio of organic carbon to nitrogen is useful to determining the origin of organic 
matter in lacustrine sediments. Algaes typically have a C/N ratio under 10, while land 
plants have ratios of 20 and greater (Meyers, 1997). This distinction is due to the lack of 
carbon-rich cellulose in algae (compared to its abundance in vascular plants) and the 
high concentration of protein in algae. Variations in sediment grain size and removal 
of inorganic carbon affect the accuracy of this ratio (Pickhoff, 2009). This is because 
landward sediment grains tend to be larger, and thus their contribution of carbon can 
skew the ratio in favor of terrestrial sources.  
 δ13C
 When carbon is photosynthesized by a vascular plant, it is not only taking up 
elemental carbon (12C), but also a fraction of isotopic δ13C. The ratio of 12C  to δ13C in a 
sample can be used to determine the δ13C, a ratio that compares the amount of δ13C /12C 
in an organic sample compared to the standard value for atmospheric δ13C /12C, -7‰. 
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The units for this variable are ‰, or parts per thousands. The concentration in a sample 
varies from the atmospheric value because of a process called fractionation, where a 
photosynthetic plant biochemically discriminates against δ13C in its incorporation of 
carbon into organic matter (Pickhoff, 2009). Aside from atomic mass, differences also exist 
in the thermodynamics of the isotopes and their usefulness to different organisms. δ13C 
is discriminated against by most photosynthetic plants during energy processing, because 
it is less efficient than 12C and its greater atomic mass restricts its uptake. Many of these 
photosynthetic plants process carbon into organic matter through the calvin pathway, 
C3. δ13C cannot pass through this pathway, and thus a greater amount of the element is 
fractionated. This leads to a decreased concentration of δ13C by about -20 ‰. Some land 
plants use the C4 hatch-slack pathway, which is capable of taking up some δ13C, but still 
leads to a -7‰ fractionation of δ13C relative to atmospheric CO2 (-7‰).C3 plants have an 
average δ13C of -27‰ and C4 plants have an average value of -14 ‰ (Meyers, 1997).
Freshwater algae utilize dissolved CO2, which is in isotopic equilibrium with 
atmospheric CO2. Algae plants have of δ13C values between - 25- 30‰. Figure 6 shows the 
average C/N ratios and the δ13C values for freshwater algae and C3 and C4 vascular plants. 
Because of the hypersensitivity of algae to changing conditions, any change in the 
supply of carbon will be reflected by changes in algae communities. During periods of 
warmer surface water temperatures and increased productivity, the value of δ13C becomes 
less negative. The dissolved oxygen concentration in a pond directly influences δ13C 
values, as anoxic conditions produce more methane, which has a much lower value for 
δ13C than atmospheric CO2.
Diatoms
Diatoms, or Bacillariophyceae, are unicellular, eukaryotic organisms characterized 
by their siliceous cell walls, called frustules, and their distinct yellow-brown pigmentation 
(Battarbee et al. 2001). The frustules are easily preserved in lacustrine sediments, and the 
highly ornate pattern displayed on the frustules allows individual genera and species to 
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Figure 6: Average C/N ratios and δ13C values for lacustrine algae and 
terrestrial vascular plants (C3 and C4) (Meyers et al., 1999)
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be readily distinguished. Diatom cells consist of two nearly identical thecae, one larger 
than the other attached with valves on opposing sides. A girdle band, called a cingulum, 
encloses the margin between the valves and protects the cell. The cell is composed of 
yellow and brown photosynthetic granules (chromoplates), a central vacuole, and a large 
central nucleus. 
All diatom species are highly sensitive to environmental changes; specialized 
assemblages are able to thrive based on a variety of interacting environmental parameters 
such as nutrient availability, light availability, and water temperature (Wetzel, 1983). 
Diatoms are a significant indicator species, and they have been used to evaluate the 
effects of anthropogenic eutrophication, pollution and acidification on lake systems 
because of their sensitivity to changing environmental conditions (Round, 1990). They are 
effective indicators of environmental change because particular species thrive in certain 
conditions, and the short life span of the individuals allows there to be a rapid change in 
the predominance of certain assemblages (Cooper and Brush, 1993). 
Diatoms are subdivided into two morphological groups: Biddulphiales, radially 
symmetrical (centric) diatoms, and Bacillariales, or pennate diatoms, that exhibit a tube-
like elongation of two bipolar valves. Diatoms can also be categorized according to their 
habitat in the water column; planktonic diatoms float in open water while benthic diatoms 
lie in a moist or submerged substrate. Centric species tend to be planktonic, and appear 
throughout the water column, as their structure allows them to move freely in the current. 
Pennate diatoms are typically benthic, and are found near the sediment-water interface 
because their structure is less-suited for continual suspension in the water column. 
The centric/pennate ratio has been used as a measure of nutrient enrichment 
in natural lakes (Cooper, 1995). Higher percentages of centric diatoms often suggest 
increased nutrient loading (Vinyard, 1979). This relationship can be attributed to the 
population dynamics of certain planktonic species and the reduction of benthic habitats 
(Cooper, 1995). Many planktonic species exhibit “boom and bust” tendencies, where 
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sexual reproduction is discouraged until favorable environmental conditions, such as 
light, temperature, and the abundance of nutrients, are met and there is an exponential 
population growth. The population growth ultimately exhausts the supply of nutrients in 
the water column, and the amount of nutrients reaching the benthic level is thus depleted 
(Jewson, 1993). Increased bioturbation of lake-floor sediments and anoxic conditions as 
a result of increased productivity can also lead to reduced benthic habitats (Cooper and 
Brush, 1993).
While this method can be a useful indicator of changes in nutrient loading, it is also 
a fairly crude instrument; not all planktonic species are centric and focusing solely on this 
ratio ignores changes in diversity within these morphological groups. However, the benefit 
of this method is that it is a relatively quick and easy technique that doesn’t require an 
extensive background in identifying diatom taxonomy. 
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2.1 Field Methods
Bathymetry
The bathymetry of Trout Pond was determined after taking 6 tracks around the 
surface of the pond with a sonar device attached to the paddle-driven canoe.  The tracks 
began on either end of the pond and traversed across several paths to accurately estimate 
the bathymetry. The profile was conducted using a Syquest Stratabox 10 kHz acoustic 
profiler. The boat was attached to a secondary canoe to create a makeshift catamaran, 
with the stratabox attached in between the two boats, hanging right beneath the surface. 
The raw sonar data was used to draw polygons in ArcGIS that estimate the bathymetric 
contours of Trout Pond. 
Sediment Coring
Sediment coring was completed during August of 2011. A modified Nesje piston 
percussion core device (Nesje, 1992) was used to obtain a long core (146 cm).  The core 
was taken in the middle of the pond by boat. A water depth of 13.5 meters was recorded 
with a handheld sonar device, and a GPS point, 43° 49’ 33.6”N, 72° 5’ 27.6” W, was taken 
for the core site. The boat was anchored to minimize movement from the desired depth. 
The cores were transported to the UMASS-Amherst Geology facilities. Initial 
descriptions were given to the length of the core and it was stored at 4°C until subsequent 
analysis. The working half of core was transported back to Bates College and the archived 
half was left at UMASS-Amherst for core scanning.
Water Column Profiling
Water column profiling of Trout Pond was completed on September 25th, 2011, 
using a Hydrolab Quanta Water Quality Probe. The probe was set below the surface water 
where it measured the stable readings of depth, temperature, specific conductivity, pH, 
and dissolved oxygen. The probe was then lowered at 2 m intervals to just above the lake 
bottom.  The probe was held at each depth for two-minute intervals for equilibration of 
the probe sensors. The readings were taken at the same location as the long core retrieval. 
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2.2 Lab Methods
Core subsampling
The long sediment core collected at Trout Pond was cut and photographed in the 
University of Massachusetts-Amherst Sedimentology Laboratory. The archived half of the 
long core was also used for 137Cs dating and bulk Pb was scanned with the I-TRAX XRF 
Core Scanner through the UMASS-Amherst facilities. Subsampling and core descriptions 
were conducted at the Bates Sedimentology Laboratory. The long core was subsampled 
for percent loss on ignition (%LOI), dry bulk density, organic matter geochemistry, 
δ13C, total organic C, total N, and C/N ratios), and the evaluation of abundance and the 
relative proportion of centric to pennate diatom assemblages. Two radiocarbon dates were 
obtained from Beta Analytics for establishing a long-term chronology. 
%LOI and bulk density
Subsampling of the core for %LOI and bulk density occurred at 1 cm intervals 
throughout the core. 1 cubic centimeter was removed from the sample using a cut-off 
medical syringe.  At each interval, precisely 1 cubic centimeter was placed into a pre-
weighed crucible. All mass measurements were  measured to 0.1 mg. Our methods 
followed the procedure outlined in Dean (1974) for measuring LOI and dry bulk density.  
A Thermolyne 6000 muffle furnace was used for incinerating the samples at a constant 
temperature of 550°C for four hours. Samples were not heated to 1000°C to remove CO2, 
due to the lack of carbonate minerals in the surficial components of the watershed. The 
final masses of the crucibles were then recorded and used to determine wet bulk density, 
dry bulk density, % water content, and % LOI using the following equations:
Wet bulk density = (crucible and wet mass – crucible mass)/ 1 cc
Dry bulk density = (crucible and dry mass – crucible mass)/ 1 cc
% Water Content = ((wet mass- dry mass)/(wet mass)) * 100
% LOI = ((dry mass – burnt mass)/(dry mass)) * 100
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Total Organic Carbon, Total Nitrogen, C/N Ratios, and δ13C
Subsampling of the long core for C&N and δ13C occurred at 5 cm intervals from the 
top of the core (0-1 cm) to a depth of 145-146 cm. A total of 28 samples and 15 standards 
were prepared. At each interval, approximately 2 cubic centimeters were removed and 
sealed in a small bag. The samples were then freeze-dried for standard elemental analysis 
(EA) (Burgess, 2007). 5 milligrams of each ~2 gram sample were measured out on a 
microbalance and placed in 5 X 9 mm tin cups for total carbon and nitrogen analysis. The 
samples were analyzed in the Bates College Environmental Geochemistry Lab using a 
LECO Elemental Analysis (EA) that measures the relative peaks in Nitrogen and Carbon 
for each sample. For the purposes of this study, Nitrogen and Carbon were measured as 
key indicators of biological changes in the sediment record. All instruments and utensils 
were wiped clean with sterile tissues prior to each successive sample. Thirty samples were 
run with three sets of three controls (acetanilide, blank tin cups, and caffeine) interspersed 
amongst the sample tray. The diversity of the three controls is related to the relative 
carbon and nitrogen peaks for each of the three controls. There is enough uncertainty 
in the machines operations that it was necessary to check for accurate readings at every 
10-sample interval. C/N ratios were calculated from total organic carbon and total 
nitrogen. The abundance of isotopic δ13C was mathematically equated by analysis of the 
%carbon in the sampling. 
Diatoms
Microscope slides were prepared for the quantitative assessment of diatom 
assemblages in the sediment core based on the methods of Scherer (1994). Subsampling 
occurred at 5 cm intervals, where approximately 0.030 grams of dry sediment were 
weighed out with a microbalance and placed in pre-washed (with DI water) 20 mL 
glass vials.  Samples were chemically processed with 10% HCl, 30% H2O2 and sodium 
hexametaphosphate following the established guidelines. The 20 mL samples were then 
placed in 1000 ml cylinders, and mixed with 980 ml of distilled water. This process 
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randomly disperses the sample in a known volume, allowing a proportion of the original 
sample to settle onto two coverslips drenched in potato starch. The coverslips were held to 
the bottom of the cylinder by a single drop of rubber cement. Each sample was given 12 
hours to settle out and then the water was drained out at a rate of approximately 4 mL per 
minute. The cylinders were completely dried using an incandescent lamp and the coverslip 
was removed. The coverslip was mounted to a glass slide using a UV curing adhesive. 
Upon curing of the sample, the slides were ready for microscopic analysis.
The diatom analysis was conducted by checking each slide under a light microscope 
at a fixed field of view, as measured by a slide micrometer (Scherer, 1994). For each slide, 
a minimum of 300 total specimens were counted and recorded, along with the number of 
fields of view and the number of centric and pennate individuals. The centric to pennate 
ratio was calculated as the number of centric individuals over the number of pennate 
individuals. Total abundance was calculated using the equation provided in Scherer 
(1994):
T=(NB/AF)/M
Where,
T=number of microfossils per unit mass
N=total number of microfossils counted
B=area of the bottom of the cylinder (mm2)
A=Area per field of view (mm2)
F=number of fields of view counted
M=mass of the original sample (g)
Cesium radioactive dating and bulk lead
The 146 cm core, Trout 1B, was also sampled to determine bulk Pb and 137Cs profiles. 
Bulk lead measurements were acquired by scanning x-ray fluorescence (XRF) for the 
length of the core at 0.05 cm intervals. The resultant data was smoothed by calculating an 
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11 point running mean, leaving a depth uncertainty of ±0.275 cm.
Centimeter thick slices were removed at 1 centimeter intervals for the top 10 
centimeters of the core for 137Cs dating and placed in a pre-weighed crucible. The average 
dry weight of these samples was 1.5 grams. Thin slices were made at each interval, and 
the desired sediment was separated away from the rest of the core before being collected 
in a large crucible to avoid contamination. All materials were wiped and clean in between 
each slicing of the sediment core to maintain the integrity of the sediment. The crucibles 
were then dried in the desiccator and reweighed. The samples were then grounded with 
a mortar and pestle, measured once more for changes in density, and placed in small 
bags. Cs activity was determined by gamma spectroscopy using a Canberra low energy 
germanium detector. 
Distinct zones, shared between the long and short core, allow for the two 
chronologies to be compared and to apply the time constraints revealed by this radioactive 
dating to the chronology of the long core.  Long-term time constraints for the chronology 
of the sediment core were recorded by sending away organic content in the core for 
radiocarbon dating. 
Radiocarbon Dates
Two samples were sent away to Beta Analytics in Miami, Florida, for accelerated 
mass spectrometry (AMS) radiocarbon age dating. Both samples were small, intact leaves 
found at 33.5 cm and 135.5 cm. The corresponding ages returned by Beta Analytics were 
already calibrated and given 2 sigma uncertainty values. 
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3.1 Core Description
The sediments in Trout Pond are predominantly organic rich gyttja (Figure 7). The 
bottom of the core (144 cm) to 92 cm consists of a dark brown (2.5 yr/4/4) gyttja with 
continuously interbedded laminations. 35 cm to 92 cm is characterized by a dark, grayish 
brown gyttja  (2.5 yr/3/2) that grades from light to dark from bottom to top. The final 35 
cm to the top of the core is black (2.5 yr/2.5/1) gyttja, lacking continuous laminations and 
abundant with allochtonous organic material. 
The percussion core Trout-1B was obtained from the deepest section of Trout Pond 
as determined by several runs with the Stratabox 10 kHz acoustic profiler. Two terrestrial 
leaf fragments were extracted and submitted for AMS 14C analysis, from 33.5 cm and 
121.5 cm. The working section of the Trout-1B core spans the uppermost 140 cm of its 
length. 
3.2 Water Quality Profile
The results of the water quality profile was obtained in September, 2011 are 
displayed in figure 8. Dissolved oxygen decreases with depth, leveling off near, but above 0 
for the bottom four meters of the pond. DO at the top of the water column was estimated 
to be 8.7 mg/L and 1.1 mg/L at the bottom. The oxygen percent saturation ranges between 
98.6% at the surface to 8.3% at the bottom. Values for pH decrease with depth from nearly 
neutral (7) at the surface to slightly acidic (6.34). Specific conductivity values are very low 
throughout the water column, with the lowest value of 0.022 µs/cm at 4 meters depth and 
the highest value of 0.052 µs/cm above the lake bottom. These values convert to .015 and 
.035 total dissolved solids, respectively. Temperature also decreases with depth from 21.6° 
C to 4.3° C.
3.3 Dry Bulk Density 
Results for dry bulk density with depth are shown in Figure 9. There is a relatively 
41
 
 
 
Organic rich gyttja  
Black 2.5 yr/2.5/1 
No laminations 
Organic rich gyttja  
Dark grayish brown 2.5 yr/3/2 
Sparsely interbedded with fine, 
sub millimeter laminations 
Organic rich gyttja  
Dark brown 2.5 yr/4/4 
Continuous, sub millimeter 
laminations 
C
or
e 
le
ng
th
 (c
m
) 
R
ad
io
gr
am
 
C
or
e 
sc
an
   
   
   
   
   
   
   
   
   
 
im
ag
e 
Figure 7: Sediment core Trout 1B displayed next to 
its radiograph and core descriptions, from left to 
right. The 144 cm was split into three distinct zones 
based on visual differences.
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Figure 8: Water quality profile for Trout Pond, collected September, 2011. The presence of 
dissolved oxygen throughout the water column provides evidence for a dimictic mixing 
regime.
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Figure 9: Diagnostic results for geochemical proxies displayed with depth.
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stable trend at depth until a marked gradual increase to the top beginning at 16.5 cm. 
The average bulk density value was calculated to be 0.1 g/cc, with a minimum of 0.06 g/
cc at 31 cm and a maximum of 0.14 g/cc at the top sample, 1 cm. The top 16.5 cm are 
characterized by an increase from 0.07 g/cc to 0.14 g/cc in bulk density.
3.4 %Loss on Ignition (LOI)  
LOI results for Trout 1B are shown in Figure 9. The entire core yielded an average 
LOI value of 51.1%. The maximum LOI value of 62% occurred at 33 cm, with the 
minimum value of 38.7% occurring at 2 cm.  The top 16.5 cm of the core are characterized 
by a 17 % (59.1% - 42.4%) decrease in %LOI. Below 33 cm, %LOI values fluctuate 
constantly between 44%-57%. 
3.5 Total Organic Carbon
The values for percent total organic carbon (%TOC) mirror the variability in %LOI 
at a 5 cm resolution. The average %TOC value was 24.6% with a maximum value of 27.9% 
at 30 cm and a minimum value of 18.6% at the top of the core. There is a sharp decrease in 
the amount of %C from 15 cm to the top of the core, from 27.8% to 18.6%.
3.6 δ13C 
The trends in isotopic δ13C are generally inversely related to that of %LOI; increases 
in LOI are reflected as more negative δ13C values. δ13C values fluctuate regularly down core 
between -31‰ to -30‰ until a sharp decrease at 15 cm followed by a period of increase. 
In general, there is more variation in δ13C than in total %C. The average δ13C value is 
-30.6‰, with a maximum value of -29.8‰ at 5.5 cm and a minimum value of -31.6‰ 
at the top of the core. From 15 cm to the top of the core, δ13C increases from -31.6‰ to 
-30‰.
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3.7 Total Nitrogen
Total %N loosely parallels variability in %LOI throughout the core. The average 
value for %N is 1.77%. Values below 15 cm generally fluctuate between 1.6 and 1.9. There 
is a marked increase to the maximum amount of %N of 2.05% at 15.5 cm. This is followed 
by a sharp decrease to the %N minimum value of 1.37 at the top sample of the core. 
3.8 Carbon: Nitrogen Ratio
C/N ratios range from between 15.53 to 18.94, with an average value of 16.32. in 
general, C/N values range between 15.6 to 17.2 till 35 cm, where there is a sharp increase 
to the  maximum value of 18.94 followed by a sharp decrease down to consistent values. 
C/N values remain fairly constant for the top 15 cm, with a slight increase from 15.9 to 16. 
3.9 Summary of geochemical proxies
%TOC correlates to %LOI with an R2 value of 0.43(Figure 10). %N and δ13C 
loosely mirror the variability of LOI down core, but a significant correlation cannot 
be established. For the top 15 cm, %TOC, %N, and C/N show a decreasing trend that 
mirrors LOI and the increase in bulk density, while the values for δ13C increase. There is a 
general increase to the data points collected at 20 cm for %TOC, %N, and C/N that lead 
to variability throughout the bottom 120 cm of the core. %TOC remains virtually constant 
throughout the remainder of the core, and the spike in the C/N ratio at 35 cm is related to 
a decrease in total %N that is not reflected as a simultaneous decrease in %TOC.
3.10 Total Abundance
The total abundance of diatoms mirrors the C/P ratio throughout the core with 
minor differences. A slow increase around 90 cm is related to a small, but noticeable 
increase in the C/P ratio. Towards the top of the core, values begin to increase around 20 
cm. The values spike at 15 cm, at nearly 280,000 frustules per cm2/year, followed by a rapid 
decline to the total abundance minimum at the top of the core, 82,080 frustules per cm2/
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year. The average value for diatom abundance is108,784 frustules per cm2/year. 
3.11 Centric: Pennate Ratio
The ratio of centric to pennate diatoms is fairly constant throughout the core until 
a substantial increase in centric diatoms at 20 cm. The value peaks at slightly over 1 at 10 
cm, followed by a decrease in the ratio to the conditions seen below 20 cm. The average 
C/P ratio is 0.54. The maximum C/P ratio is found at 10 cm with a value of 1.0, and the 
minimum value is 0.17 at 110 cm. The C/P ratio at the top of the core is slightly higher 
than the values seen below 20 cm, but are far lower than the maximum value seen at 10 
cm. 
3.12 Age Model
The top 15 cm of the Trout 1B sediment core were analyzed for cesium isotope 
abundance (Figure 11). The onset of detectable isotopic cesium occurred at 4.5 cm. the 
highest activity was found at 2.5 cm, with a value of 0.06 dpm/g. Cesium activity decreases 
from this point to the top value of 0.04 dpm/g.
Bulk Pb 
Bulk Pb concentration was also used to construct the upper portion of our age 
model (Figure 12). There is a detectable amount of background Pb throughout the core 
that ranges around .005 dpm/g. The onset of unsupported Pb occurs at 9.5 cm, at around 
.01 dpm/g and generally increases until the peak value of almost .02 dpm/g at 2 cm, 
followed by a decrease to values around .015 dpm/g. 
AMS 14C Radiocarbon Dating
 Two organic macrofossils were submitted to Beta Analytics for AMS 14C analysis. 
The tables below shows the age estimates in 14C years and calendar years with their 
corresponding two sigma uncertainties (Table 2).
Age Model Generation
 Given the 137Cs and bulk Pb chronology, coupled with a 14C and other available 
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Sample 
ID 
Lab 
ID 
Sample 
Type 
Measured 
14C Age 
13C 
/12C 
Conventional 
14C Age 
2 Sigma 
Calendar 
Year Age 
Range 
Midpoint 
age 
TRT11-
1B-33 
3146
52 
Terrestrial 
macrofossil 
350 ± 30 
BP 
-28.1‰ 300 ± 30 BP 1490 AD-
1600 AD 
1570 ± 30 
AD 
TRT11-
1B-35 
3132
30 
Terrestrial 
macrofossil 
2030 ± 30 
BP 
-28.9‰ 1970 ± 30 BP 40 BC – 80 
AD 
20 ± 30 AD 
Table 2: Summary of returned AMS 14C radiocarbon dates for organic macrofossil leaves 
removed at 33.5 and 135.5 cm
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Figure 11: 137Cs activity with depth for the top 10 cm of the core. Activity begins 
around 4.5 cm, signaling 1952 AD, and peaks at 2.5 cm, which corresponds to the 
peak value in 1963 AD.
50
Figure 12: Bulk Pb activity with depth shown for the top 20 cm. The onset of peak Pb 
values occurs at 9.5 cm, corresponding roughly to 1925 AD , and the highest peak is 
recorded at 2 cm, which is estimated to be 1975 AD.
51
age estimates, an age model was generated for the sedimentary record (Figure 13). The 
chronology generated for Trout Pond is a best-fit model, based on several points with 
associated uncertainties (Table 3). The profiles for 137Cs and bulk Pb combine to paint a 
fairly precise picture of the top five to fifteen cm of sedimentation (Figure 14). The 137Cs 
provided precise dates for 1954 and 1963 at 2.5 and 4.5 cm. The peak Pb profile at the top 
of the age model is also well-constrained, between 1970 and 1980. The peak at 2 cm was 
thus given the age date of 1975 ± 5 years. The earlier Pb peak is less constrained. Based 
on comparison to remote lakes in New Hampshire and Maine, the increase in Pb in Trout 
Pond at 9.5 cm was tentatively assigned to approximate 1925 with a significant uncertainty 
of ± 25 years. Beyond this point, however, there are only two verifiable age controls for 
determining the rate of deposition for the remaining 125 cm of sediment; the radiocarbon 
dates at 33.5 cm and 135.5 cm. Conventional radiocarbon ages for these samples are 
300 ± 30 years BP and 1970 ± 30 years BP. The radiocarbon ages were calibrated using 
the IntCal09 calibration curve, and resulted in a range of possible calendar year values 
for these samples. The two sigma uncertainty for the sample from 33.5 cm provides 
calendar year age ranges from 1490-1600 and 1610-1650 AD. For the construction of 
our age model, the mid-point of these two ranges, 1570 AD, was selected and given an 
age uncertainty of ± 80 years. The two sigma uncertainty for the sample taken at 135.5 
cm provides a calendar year age ranging from 40 BC to 80 AD. The mid-point of this 
range, 20 AD, was also selected for the age model, with an associated uncertainty of ± 
80 years. Because of the two sigma age uncertainty of the two radiocarbon samples, the 
pre-settlement sediment accumulation rate ranges between 0.060 cm/yr to 0.072 cm/
year. The bulk Pb and 137Cs dates allowed for several measurements of post-settlement 
sediment accumulation rates that range from 0.098 to 0.20 cm/yr. the construction of 
a continuous down core age model thus requires there to be two periods of differing 
sediment accumulation. With this in mind, the core sedimentology was used as a 
guide for determination of an inflection point between the two periods of different 
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Event 
Depth 
(cm) 
Depth 
Uncertainty 
(+/- cm) 
Calendar 
Year 
Age Uncertainty 
(+/- years) 
Accumulation 
Rate (mm/yr) 
Years 
per mm 
Core Top 0 0 2011 0 0.56 1.800 
Peak Bulk Pb 2 0.275 1975 5 0.42 2.400 
Peak Cs 2.5 0.5 1963 0 2.22 0.450 
Onset of Cs 4.5 0.5 1954 0 1.72 0.580 
Increase in 
Bulk  Pb 9.5 0.275 1925 25 1.75 0.571 
Increase in 
Bulk Density 16.5 0.5 1885 25 0.54 1.853 
1
st
  
Radiocarbon 
date 33.5 0.5 1570 80 0.66 1.520 
2
nd
 
Radiocarbon 
date 135.5 0.5 20 60     
Table 3: Summary of data points used to create a chronology for the sediment core Trout 
1B
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Figure 14: short term age model for the top 20 cm, or past ~200 years.
55
sediment accumulation rates. The marked increase in bulk density in the sediment 
begins at 16.5±0.5 cm depth. This increase in bulk density is interpreted as the onset of 
European settlement and the beginning of increased erosion due to land clearance. The 
timing of this change in sedimentology, and thus the age of the sediment accumulation 
rate inflection point, can be determined by either extrapolating the pre-settlement 
accumulation rate up from the radiocarbon age at 33.5 cm, or by extrapolating down from 
the chronostratigraphic horizon defined as the increase in bulk Pb. These two approaches 
suggest that the increase in bulk density at 16.5 cm thus occurred between 1828 and 1885 
AD. Historical documentation of land use around Trout Pond allows us to take the latter 
date, as significant deforestation that would be associated with increased erosion occurred 
in the late 19th century. Thus the final age model is constrained by 7 points below the core 
top: the onset and peak of bulk Pb, the onset and peak of  137Cs, the bulk density change at 
16.5 cm, and two radiocarbon ages. 
The high-resolution change that we see at the top of the core and attribute to 
human-induced landscape disturbances is somewhat disputable because the resolution 
of the rest of the core is so poor that it is impossible to precisely compare changes in 
mass accumulation. The top 5 cm of the core is well constrained, but below this there is 
increasing uncertainty with larger intervals between age dates. The radiocarbon dates 
support linear growth at a fairly slow rate, but greater resolution could bring to light other 
periods of fast and slow sedimentation. While there is promising evidence for correlating 
reflections in our results to storm events, namely the hurricanes occurring in 1635 
and 1815, our age model is not well-constrained enough to make any determinations. 
Nevertheless, the top 33.5 cm are fairly well-bounded and indicate a trend of slower, 
periodic accumulation before the introduction of human landscape disturbances that is 
supported by the patterned fluctuations in the geochemical analysis.
56
Discussion
57
4.1 Lake Mixing 
The water column profile, (Figure 8) along with the non-varved nature of the upper 
portion of the sediment core suggest a dimictic mixing regime at Trout Pond, where cyclic 
turnovers of oxygen and nutrients occur throughout the entire water column during 
the fall and spring (Pickhoff, 2009).  This is supported by the presence of oxygenated 
conditions at the bottom of the lake in late summer. The lamini present throughout the 
lower portion of the core suggest periods of water column stability and possibly anoxic 
conditions. 
4.2 Geochemical 
Results for LOI, bulk density, C/N ratio and δ13C compared against the determined 
age model (Figure 15) divide the length of the 144 cm core into three, distinct historical 
periods at Trout Pond, spanning nearly 2,200 years. These zones can be partitioned into 
pre, syn, and post-human landscape disturbance. 
Zone 1:Pre-human settlement (0-1800 AD)
Pre-settlement conditions occur from 0-1800 AD(144-17 cm), and can be split 
into two periods of relative stability within the lakes sedimentation. From 0-800 AD of 
the core, bulk density fluctuates from .10 to .12 g/cm3, and the organic carbon content 
remains fairly constant. During this time period, δ13C values are stabilized between -30 
and -31 ‰. From 800 to ~1800 AD, bulk density is generally decreasing and organic 
carbon content is increasing, with significant fluctuations between ~1600 and 1800 AD 
(30-17 cm). The changes during this period of time could be signs of climatic variability 
attributed to the Little Ice Age (LIA) (Noren et al., 2002). This period of time was 
characterized by elevated storminess and cooler temperatures, which typically suggest a 
larger input of terrestrial sediments. While this typically suggests elevated bulk density, 
depending on the sediment input, it could contribute to higher nutrient availability and 
subsequent dilution of clastic material. Also, the increase in storminess does not mean 
58
Figure 15: Comparison of diagnostic results to the determined age model. The changes 
seen split the core into three zones, relating to pre, syn and post human disturbances. 
Pre-human disturbances can be split into two zones, the first from the bottom of the age 
model to 800 AD, with the second half extending up to 1800AD.
59
there was an increase in mean precipitation. Bulk density reaches its lowest value near 
1635 AD, most likely too early to be related to human landscape disturbances. This does, 
however, coincide with the great Colonial Hurricane of 1635. Nevertheless, we cannot 
correlate our age model precisely to this time period due to the uncertainty inherent to 
our age model.
There are also slight increases in total organic carbon and nitrogen that support 
the trend of higher organic content. This could be due to a decrease in clastic supply 
or dilution from increased productivity.  Explanations for increased organic material 
and decreasing clastic material can be related to changes to the inflowing channel into 
the pond, or the preservation of the organic material (Pickhoff, 2009). In this instance, 
the increase in organic material is likely related to a decrease in clastic material, as the 
mass accumulation rates in figure 16 show that the total carbon and nitrogen mass 
accumulation rates dip slightly during the same time interval. δ13C values become more 
negative from 1550 AD to around 1720 AD, suggesting an increase in the input of 
terrestrial carbon. Pre-settlement characteristics are illustrated by consistent δ13C and 
C/N ratios, with minor variations occurring regularly. The centric to pennate ratio is fairly 
consistent through the pre-settlement period, with a prominent increase from .23 to .48 
from 711 to 863 AD. These values plateau around .4 for nearly 1,000 years, until the period 
of human interaction. 
Towards the top of pre-settlement conditions, there is a dramatic peak in the C/N 
ratio at 1540 AD. There is little variation in the total organic carbon between the points 
from 1471 to 1635 AD, but a decrease in total nitrogen at 1540 AD contrasts the nitrogen 
concentrations seen before and after this point. It is likely that the lack of a nitrogen signal 
is due either to lack of preservation or the point is an outlier. The lack of a response in the 
other indicators that are directly related to nutrient availability, such as diatom abundance, 
suggest that this is not a signal of a shift in nutrient cycling.
Zone 2:Syn-human landscape disturbance (1800-1910 AD)
60
Fi
gu
re
 1
6:
 C
om
pa
ris
on
 o
f m
as
s a
cc
um
ul
at
io
n 
ra
te
s f
or
 b
ul
k 
se
di
m
en
t, 
to
ta
l o
rg
an
ic
 ca
rb
on
, a
nd
 to
ta
l n
itr
og
en
. Th
e y
-a
xi
s f
or
 
ni
tro
ge
n 
is 
di
sp
la
ye
d 
on
 th
e r
ig
ht
 si
de
 o
f t
he
 g
ra
ph
. W
hi
le
 n
itr
og
en
 an
d 
ca
rb
on
 p
ea
k 
ov
er
 th
e s
am
e p
er
io
d 
as
 b
ul
k 
de
ns
ity
 
in
 th
e l
as
t t
w
o 
hu
nd
re
d 
ye
ar
s, 
th
e c
ar
bo
n 
an
d 
ni
tro
ge
n 
va
lu
es
 p
la
te
au
 fo
r n
ea
rly
 1
00
 y
ea
rs
 w
hi
le
 b
ul
k 
m
as
s a
cc
um
ul
at
io
n 
co
nt
in
ue
s t
o 
gr
ow
, d
ilu
tin
g 
th
e p
er
ce
nt
 co
m
po
sit
io
n 
of
 ca
rb
on
 an
d 
ni
tro
ge
n.
 C
al
en
da
r A
ge
 (B
C/
A
D
)
61
The general trends of increasing organic content from 1720 to 1810 AD are reversed 
from 1810 to 1890 AD, with substantial increases in bulk mass accumulation rate as a 
key indicator of change. We attribute the onset of human landscape disturbances to be 
evident from the variability occurring in our indicators between 1820 and 1890 AD. These 
changes are evident in the geochemical and biological proxies, with sharp increases in 
bulk density, total organic carbon and nitrogen, more negative δ13C values and increases 
in the centric to pennate ratio and total abundance of diatoms.  This abrupt shift is 
followed by further variation, as organic carbon and nitrogen dramatically drop and δ13C 
become more positive. The changes in δ13C indicate that the greatest proportion of aquatic 
carbon production occurred during the period of elevated nitrogen. 
The first indicator of landscape erosion occurs at approximately 1890 AD, as seen 
by the threefold increase in bulk mass accumulation (Figure 16). There is subsequently 
a decrease in preserved organic matter as determined by percent total organic carbon 
and LOI, as well as a bloom in diatom abundance. The decrease in preserved organic 
matter can be attributed to dilution from an increase in clastic material rather than a 
decrease organic production. Figure 16 shows that the carbon mass accumulation rate 
also undergoes a sharp increase after 1820 AD, but it makes up a smaller percentage of the 
total bulk mass due to the increase in inorganic inputs. 
The centric to pennate ratio and the total diatom accumulation rate peak at 1890 and 
1917 AD, respectively. These values decrease dramatically in the most recent sediments, 
alongside the decreases in bulk, carbon, and nitrogen mass accumulation rates. This peak 
and return to pre-disturbance values is a possible indicator of the return to pre-existing 
conditions. The reason for the offset between the peak values for total abundance and the 
centric to pennate ratio is not obvious, but can most likely be attributed to the relatively 
poor resolution of the age model and the population dynamics of certain planktonic 
species (Cooper, 1995). The peak in total abundance coincides with a nitrogen peak at 
1890. Nitrogen values diminish towards the top of the core as a signal of reduced nutrient 
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availability. 
The changes seen in the mass accumulation rates during this time period are 
supported by historical evidence of human disturbances on the watershed. An 1855 map 
of Lyme shows three homesteads within the vicinity of Trout Pond (Lee Larson, personal 
communication, 2012). The most direct human contact on the lake is likely to have 
occurred after 1891 AD, when Walter Piper purchased the property surrounding the Trout 
Pond outlet and constructed three, steam-powered mills on the outflowing Trout Brook. 
A large portion of the trees processed by these mills were undoubtedly produced in the 
Trout Pond watershed. 
Zone 3:Post-human landscape disturbance (1910 AD-Present)
The most recent period of sediment deposition at Trout Pond is characterized by 
decreasing organic content and increasing bulk mass accumulation rates for the majority 
of the period. Only in the past 60 years (~1950 AD- Present) has there been a decrease in 
bulk mass, carbon and nitrogen accumulation rates to pre-disturbance values. While bulk 
mass accumulation rates continued to grow through the period from 1810 to 1950 AD, 
from syn- to post-human landscape disturbance, the organic carbon and nitrogen mass 
accumulation rates level off after their initial peaks in 1890 AD. After this period, they 
make up a progressively smaller part of the total bulk composition until all three values 
return to pre-disturbance values around 2002 AD. When the carbon mass accumulation 
rate is compared to the bulk mass accumulation rate at this most recent data point, it can 
be seen that the proportion of carbon in the total bulk mass is still less than at any period 
of the pre-disturbance environment. The reason that the bulk mass accumulation rate 
does not plateau along with the carbon and nitrogen accumulation rates is that there is 
loose, clastic material as a result of top soil erosion that is continually deposited after the 
top soil nutrients have been depleted. During this period of decreasing nutrient inputs 
relative to bulk accumulation, the ecosystems within the lake are required to quickly 
respond to the new set of environmental constraints. There is thus another lag period 
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Figure 17: A scan of a 1955 aerial photo of Trout Pond (left-center) taken by the 
USDA NRCS, displaying the landscape transition towards reforestation.
64
between the end of landscape erosion and the deposition of the eroded material.
The post-settlement period can be loosely defined as the stage in which the 
watershed began to recover, beginning with reforestation. In general, land clearance in 
New England peaked around 1850 and was followed by an abandonment of farmland and 
a moderate return to forested woodlands. Around Trout Pond specifically, it seems that 
the most significant land clearance occurred between 1890 and 1900 AD, as historical 
census data (Larson, Personal Communication, 2012) tells us that all the late 19th century 
buildings near Trout Pond were abandoned by 1910 AD, and an aerial photo from 1955 
AD shows theTrout Pond watershed transitioning back into a forested landscape (Figure 
17). While land use rapidly changed the landscape during the early 20th century from 
deforestation to re-growth, the land use signal recorded in Trout Pond shows a lag period 
between reforestation and a decrease in bulk mass accumulation.  
Interestingly, the highest centric: pennate ratio and total abundance of diatoms 
occurs during the post-landscape disturbance period. This delayed response can be 
attributed to the sexual dynamics of certain planktonic diatom species.
“Boom and bust” population growth is characteristic to planktonic species, in which 
a species over-reproduces beyond the limits of nutrient availability and experiences a 
massive population decrease in subsequent generations (Jewson, 1992).  The population 
growth only occurs when conditions, such as temperature, light, nutrients, and cell size 
induce sexual stages in centric diatoms (Jewson, 1992). Shifts towards higher centric/
pennate ratios suggest eutrophic conditions due to excess nutrients (Cooper, 1995). 
Thus, the peak diatom abundance seen between 1920-1950 AD is a reflection of 
peak nutrient availability, and the increasing centric to pennate ratio indicates a sexually-
preferential environment for the centric species (Jewson, 1992). Because the planktonic 
species is booming in the water column and consuming the incoming nutrients before 
they reach the benthic level, the effects of depleted nutrients is first felt by the bottom-
dwelling pennate species. Once nutrients become depleted in the water column, the 
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centric population undergoes a dramatic bust, as reflected by the .61 centric to pennate 
ratio near 1948 AD. This could also be due to a the beginning of a reforested setting in 
which wind mixing is reduced due to forest buffering (Cooper, 1995). Pennate individuals 
begin to thrive in the nutrient dependent system, due to availability in the benthic level 
and the discouragement of centric reproduction. This is one interpretation of the data, 
however, it is based on 1 sample and it may therefore not be a significant indicator. 
Effects of landscape disturbances
In essence, the centric to pennate ratio and diatom abundance accurately reflect the 
changing water quality status at Trout Pond since 1820 AD (20 cm); increasing nutrient 
availability slowly lead to a boom in primary producers and eutrophic conditions, 
followed by a decline in nutrient input and an associated bust in production that trend 
towards pre-disturbance water quality. According to the bulk accumulation rate, increased 
sedimentation began in the late 1890’s and peaked in the 1960’s, shortly before the peak 
of the diatom accumulation rate (Figure 17). The rapid drop in bulk density is mirrored 
by a drop in diatom abundance. This is an excellent indicator of the prolonged response 
of disturbance signatures to dramatic, short-lived periods of interference. The increase of 
bulk accumulation occurs over a 60 year interval, from 1900- 1960 AD, and is followed 
by a dramatic reduction to baseline values. %TOC responds quickly to this increase, with 
peak values in 1893, but values stay higher than pre-disturbance levels until the mid-
1960’s (Figure 16). The lag in the response of diatom accumulation is likely due to the 
lake system’s slowed adjustment to excess nutrients and bulk material (Francis and Foster, 
2001).
The patterns of sediment accumulation at Trout Pond from 1820-1891 AD also 
follow the theory suggested in Francis and Foster (2001) for the response of a watershed 
to abrupt landscape change. According to this model, there is a period of increased 
productivity directly following settlement, as intensive logging and deforestation leads to 
the runoff of surficial nutrients. The watershed experiences a drastic increase in nutrient 
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availability and responds with widespread productivity. In future years, however, the soils 
are depleted of nutrients and the watershed’s input of organic matter is replaced primarily 
by eroded, inorganic material. This can be seen across the mass accumulation rates for 
bulk sediment, organic carbon, and nitrogen towards the top of the age model, where 
bulk sediment continues to peak for 60 years after the plateau in carbon and nitrogen 
accumulation rates. 
Comparison of C/N to δ13C shows that the organic carbon found in Trout Pond 
is largely lacustrine algae, with some terrestrial input (Figure 18). δ13C is an excellent 
indicator for determining the origin of organic material, with more negative values usually 
reflecting lacustrine sediments and higher values specifically being C3 vascular plants. 
By comparing C/N values to δ13C, it is easier to distinguish between lacustrine algae and 
C4 vascular plants. Therefore, the increasingly positive values for δ13C towards the top 
of the core suggests that the terrestrial carbon input increased during this time period, 
which is consistent with increased terrestrial inputs caused by human disturbances to the 
watershed. The lowest δ13C value coincides with the peak in centric to pennate ratio. This 
suggests that the increase in lacustrine algae led to higher planktonic productivity in the 
water column. 
4.3 Regional Comparison
In comparison to similar studies of small, New England ponds, there is a strong 
theme of enhanced deposition post-European settlement. A 2006 study conducted by 
Koster and Pienitz on Levi Pond and North Round Pond showed a similar trend of 
decreasing LOI and increasing planktonic diatom species towards the surface sediments. 
Levi Pond, especially, showed strong correlations to Trout Pond, and makes for an 
interesting comparison due to its proximal location and similarities as a small, reforested 
watershed. In the discussion of higher planktonic species at Levi Pond, Koster and 
Pienitz (2006) suggest that the species thrived due to better lake mixing after European 
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Values for Trout Pond 
 
Figure 19: comparison of C/N ratios and δ13C values for Trout Pond in comparison to 
source values. Modified from Meyers et al., 1999.
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deforestation. Improved lake mixing is a result of deforestation and increased productivity. 
The trees around a watershed act as a buffer against wind mixing, and in the absence 
of this protection there is increased turbidity of the surface waters. At depth, increased 
productivity causes bioturbation on the sediment floor. The improved lake mixing is 
essential to planktonic species, because it allows individuals to stay suspended in the water 
column more easily, and it replenishes nutrients of the lake bottom to the surface water. 
This in turn promotes higher productivity in surface waters. 
This evidence is supported by pollen analysis that suggests that deforestation 
occurred slightly before the increase in planktonic species began. This interpretation is 
also supported by the historical records at Trout Pond, where deforestation occurred 
sometime during the mid-1800’s. The increase in centric abundance begins in the 1800’s 
and peaks near 1910 AD, 20 years after the Piper family began drawing lumber from 
the watershed for their saw mills. Thus this increase could be due to nutrient loading 
from inputs of the eroded landscape, and the increased wind mixing crucial to certain 
planktonic species could be due to strong winds generating in the deforested watershed. 
Foster et al. (1998) suggests that the signature of a deforested watershed follows 
a fairly specific pattern in New England; immediately after logging, there is a dramatic 
increase in terrestrial organic material input from runoff of top layer debris. This 
initial input offsets the minor increase of inorganic material related to erosion. As time 
progresses, however, the terrestrial organic material is depleted due to logging and runoff, 
and the inputs into the lake become almost exclusively eroded clastic material. The erosion 
becomes a positive feedback loop, as removal of top layers causes more fragile material 
to become exposed to rain and wind events. Therefore, the bulk density signature of a 
deforested watershed often times outlives the period of deforestation. This is important to 
the interpretation of the sediment record of Trout Pond, because high bulk density levels 
persist until nearly the top of the core, long past the period of reforestation. In fact, only in 
the last 50 years is there a potential reversal of the positive bulk density change. 
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δ13C values suggest that the derivation of organic carbon from terrestrial sources 
only increased slightly towards the top of the core, suggesting that organic carbon is still 
mainly of aquatic origin in the recent part of the record. Thus organic carbon generated 
aquatically is related to the nitrogen, phosphorus, and other nutrients entering the system. 
Diatom reproduction is delayed until there is a persistent abundance of nutrients, and 
the production of organic carbon is related to the bloom of algae and centric diatoms 
in the spring (Smadya and Reynolds, 2003). Thus, the lag in organic carbon and diatom 
abundance is related to adjustments to the dramatic increase in nutrient availability.
4.4 Climate Variability
Climate variability is most likely due to regional changes in precipitation in the past 
2,000 years. As mentioned above, variations in the latter part of the zone could be related 
to increasing storminess as a result of the LIA (Noren et al., 2007).  Because our record 
does not extend far beyond this period of increased precipitation and none of the proxies 
we investigated provide a direct indication of temperature or precipation, it is challenging 
to compare the changes occurring at Trout Pond to climate variability. Nevertheless, the 
history of on-land hurricanes may play a role in the depositional history at Trout Pond. 
One storm specifically, the Great September Gale of 1815, could be reflected in our 
sediment record, at around 20 cm depth. The evidence for changes associated with this 
time period is a brief increase in bulk density, along with an associated dip in LOI, N, 
and %TOC. These decreases are probably due to dilution from increased clastic material 
flowing into the pond after the major storm. Unfortunately, there is little to no records 
of this storm in sediment records of nearby lakes and ponds, and the lack of a high-
resolution chronology for this time period allows only for speculation, without any real 
certainty. The layer of allochtonous organic material at 12.5 cm, or approximately 1910 
AD, is consistent with a large in-wash event associated with intense precipitation, but 
the fact that it is the only such event throughout the core suggests that the discontinuous 
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composition shown in the radiogram could be a result of the intensive logging during the 
period. This could be a large in-wash event that resulted from loose, woodchip materials 
around the pond draining into the catchment during a large precipitation event. 
4.5 Future Work
Future work at Trout Pond would greatly improve our understanding of the human 
impact on a small, reforested watershed. Additional historical evidence could lead to a 
better understanding of the direct impacts on the landscape, as well as their duration. 
Further dividing diatom identification down to the species level is perhaps the most 
compelling future work to be done at Trout Pond.  This would serve as a better indicator 
of whether the status of the lake is returning to pre-disturbance conditions, or if it is 
developing a new baseline condition, based on differences in preferred species of primary 
producers. Because of the sensitivity of diatom assemblages to pH changes, it would 
be interesting to see if the onset of acidification due to industrial acid rain has further 
changed the species found in Trout Pond (Koster and Pienitz, 2006). It is important to 
acknowledge that the assumption that the centric to pennate ratio is equivalent to the 
planktonic to benthic ratio is not 100% accurate, and that a species level inspection is 
necessary to fully evaluate the changes that occurred in the diatom communities between 
pre and post human landscape disturbances
Further geochemical analysis at a higher resolution, possibly sampling at 1 cm 
interval for the top 30 cm, would also contribute to our understanding of the change in 
sedimentation at the turn of the 20th century. 
Macroscopic charcoal analysis would also lend additional information to the 
reconstruction of European disturbances, by identifying the role of proximal forest fires 
in the lakes evolution. Naturally occurring forest fires produce significant changes in a 
watershed and the lake inputs leading to changes in the lake sediments and ecology, but 
because we were unable to complete this analysis, it is possible that some of the changes 
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were saw were associated with natural, or human, forest fires. The distinct layer at 12.5 
cm that is best seen in the radiogram that we attribute to a storm event could in fact be 
the result of a forest fire. A charcoal to pollen comparison would also provide additional 
information to the historical land use of the Trout Pond watershed. 
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Conclusion 
 The sediment record obtained from Trout Pond suggests a history of disturbance 
and on-going recovery, related to landscape changes at the turn of the 20th century.This 
can be seen by the dramatic increases in mass accumulation rates in the time period 
following initial European disturbances. Deforestation and land clearance led to changes 
in the geochemical and physical properties of the sediments at Trout Pond between 
1890 to 1960 AD that are outside of the realm of the natural variability of the pond over 
its approximately 2,200 year record. While the disturbances ended in the early 1900’s, 
the effects of erosions increased for 60 years after the beginning of reforestation, as can 
be seen by elevated bulk accumulation rates until the 1960’s. This affected the nutrient 
availability to the pond, as well as the primary producers within the water column. While 
the signs of past landscape change are barely visible on the forested watershed today, 
the story told by our sediment core suggests that the pond has only begun recovering in 
the past 30-50 years from the disturbances that ended 100 years ago. This is due to the 
effects of landscape erosion. The initial disturbance leaves the landscape vulnerable, and 
precipitation events gradually flush the eroded remnants into the water catchment, a 
process that ends long after the initial disturbance. Further research is needed to make 
species determinations on the changing diatom assemblages at Trout Pond, as this would 
be a clear indication of whether or not the conditions today are approaching those seen 
300 years ago. Regardless, it seems that the sources of nutrients to the system relative to 
bulk mass of the sediment are returning to pre-disturbance values. 
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Carbon %Carbon δ13C %Nitrogen Nitrogen C/N 
53.83 18.65 -30.00 1.37 3.37 15.97 
48.04 20.72 -29.80 1.56 3.09 15.57 
57.83 21.79 -30.25 1.64 3.72 15.54 
81.95 27.87 -31.61 2.05 5.16 15.88 
66.58 24.63 -30.44 1.78 4.12 16.17 
70.73 27.94 -31.26 1.99 4.30 16.44 
77.49 26.33 -30.79 1.84 4.63 16.74 
65.92 26.01 -29.93 1.61 3.48 18.94 
68.92 26.63 -30.68 1.86 4.12 16.74 
72.49 25.98 -30.74 1.82 4.33 16.73 
75.55 26.15 -30.10 1.78 4.39 17.21 
61.87 25.24 -30.95 1.78 3.73 16.58 
59.52 25.12 -30.81 1.85 3.74 15.90 
58.59 23.20 -30.44 1.72 3.71 15.81 
57.25 23.99 -30.60 1.81 3.69 15.53 
56.13 22.39 -30.33 1.66 3.56 15.75 
56.31 22.53 -30.07 1.61 3.43 16.41 
58.70 23.59 -30.30 1.72 3.65 16.09 
71.03 22.76 -30.16 1.64 4.38 16.20 
69.48 23.77 -30.49 1.76 4.41 15.77 
77.37 25.60 -30.77 1.84 4.76 16.24 
58.86 24.77 -30.30 1.76 3.58 16.45 
66.71 24.54 -30.58 1.79 4.16 16.05 
63.06 25.30 -30.73 1.82 3.89 16.23 
66.58 26.38 -31.49 1.97 4.26 15.64 
67.48 26.14 -30.36 1.85 4.09 16.50 
67.93 26.32 -30.17 1.86 4.10 16.55 
54.49 22.78 -30.94 1.60 3.27 16.69 
63.89 27.03 -31.75 1.87 3.78 16.89 
 
 
  
  
  
  
  
  
  
  
  
      
      
Appendix 2: Table of Carbon and Nitrogen data
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Crucible 
Mass 
Crucible + 
wet 
sediment 
wet bulk 
density 
Crucible + 
dry 
sediment 
Dry Bulk 
Density 
(g/cm2) 
Water 
Content % 
Porosity % Mass 
after 4hrs 
@ 550C 
% LOI 
17.825 18.802 0.977 17.9618 0.1368 614.181287 94.8377358 17.9038 42.3976608 
18.5765 19.626 1.0495 18.7059 0.1294 711.051005 95.1169811 18.6558 38.7171561 
19.0664 20.0738 1.0074 19.2021 0.1357 642.372881 94.8792453 19.1482 39.7199705 
18.4027 19.3458 0.9431 18.509 0.1063 787.206021 95.9886792 18.4673 39.2285983 
20.2578 21.4136 1.1558 20.382 0.1242 830.595813 95.3132075 20.3266 44.605475 
17.2456 18.2837 1.0381 17.3499 0.1043 895.302013 96.0641509 17.3039 44.1035475 
19.5515 20.5248 0.9733 19.6514 0.0999 874.274274 96.2301887 19.607 44.4444444 
17.7137 18.6688 0.9551 17.8096 0.0959 895.933264 96.3811321 17.7663 45.1511992 
17.5545 18.6014 1.0469 17.6525 0.098 968.265306 96.3018868 17.6075 45.9183673 
20.7669 21.8752 1.1083 20.8641 0.0972 1040.22634 96.3320755 20.8141 51.4403292 
18.4607 19.4831 1.0224 18.5515 0.0908 1025.99119 96.5735849 18.5048 51.4317181 
17.6351 18.6181 0.983 17.7123 0.0772 1173.31606 97.0867925 17.6704 54.2746114 
15.2225 16.2216 0.9991 15.3059 0.0834 1097.96163 96.8528302 15.2609 53.9568345 
19.5466 20.522 0.9754 19.6263 0.0797 1123.8394 96.9924528 19.5842 52.8230866 
17.9386 18.9374 0.9988 18.0202 0.0816 1124.01961 96.9207547 17.9757 54.5343137 
18.8683 19.8466 0.9783 18.9438 0.0755 1195.76159 97.1509434 18.9027 54.4370861 
18.1081 19.1674 1.0593 18.1815 0.0734 1343.18801 97.2301887 18.1381 59.1280654 
18.574 19.6278 1.0538 18.6513 0.0773 1263.26003 97.0830189 18.6072 57.0504528 
20.709 21.7859 1.0769 20.7946 0.0856 1158.06075 96.7698113 20.7471 55.4906542 
21.3518 22.3944 1.0426 21.4415 0.0897 1062.31884 96.6150943 21.3953 51.5050167 
17.516 18.4987 0.9827 17.5991 0.0831 1082.55114 96.8641509 17.5575 50.0601685 
18.8944 19.8588 0.9644 18.974 0.0796 1111.55779 96.9962264 18.9326 52.0100503 
20.698 21.6842 0.9862 20.783 0.085 1060.23529 96.7924528 20.7385 52.3529412 
18.7403 19.7781 1.0378 18.8358 0.0955 986.701571 96.3962264 18.7903 47.6439791 
18.5752 19.6114 1.0362 18.6728 0.0976 961.680328 96.3169811 18.6229 51.1270492 
17.8246 18.842 1.0174 17.9223 0.0977 941.351075 96.3132075 17.8717 51.7911975 
18.6721 19.5782 0.9061 18.7557 0.0836 983.851675 96.845283 18.7119 52.3923445 
18.402 19.37 0.968 18.4821 0.0801 1108.48939 96.9773585 18.4377 55.4307116 
20.2575 21.2636 1.0061 20.3334 0.0759 1225.55995 97.1358491 20.2883 59.4202899 
17.2454 18.1458 0.9004 17.313 0.0676 1231.95266 97.4490566 17.2738 57.9881657 
19.6096 20.5261 0.9165 19.6704 0.0608 1407.40132 97.7056604 19.6342 59.5394737 
17.7136 18.7061 0.9925 17.7861 0.0725 1268.96552 97.2641509 17.7439 58.2068966 
20.767 21.7683 1.0013 20.8415 0.0745 1244.02685 97.1886792 20.7958 61.3422819 
17.5547 18.5113 0.9566 17.6288 0.0741 1190.95816 97.2037736 17.5859 57.8947368 
18.4609 19.3776 0.9167 18.5356 0.0747 1127.17537 97.1811321 18.4925 57.6974565 
17.6355 18.6258 0.9903 17.7214 0.0859 1052.85215 96.7584906 17.6752 53.7834692 
15.2227 16.168 0.9453 15.3028 0.0801 1080.14981 96.9773585 15.2605 52.8089888 
19.5464 20.6081 1.0617 19.6353 0.0889 1094.26322 96.645283 19.5868 54.5556805 
17.9388 18.8712 0.9324 18.0246 0.0858 986.713287 96.7622642 17.9805 51.3986014 
Appendix 3: Table for LOI and Bulk Density measurements
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Depth Samp
le 
Mass 
(g) 
Fiel
ds of 
Vie
w  
Total 
Diato
ms 
Count
ed 
# of 
Centr
ic 
Diato
ms 
% 
Centr
ic 
# of 
Penna
te 
Diato
ms 
% 
Penna
te 
C:P 
Rat
io 
Frustule 
Per Gram 
Frust
ule 
Per 
Gram 
x10^7 
Centri
c 
Frustr
ule Per 
Gram 
x10^7 
Pennat
e 
Frustr
ule Per 
Gram 
x10^7 
0-1 cm 0.017 16.0
00 
304.00
0 
108.00
0 
0.360 196.00
0 
0.640 0.55
1 
10800000.
000 
1.080 0.383 0.695 
5-6 cm 0.014 13.0
00 
301.00
0 
114.00
0 
0.380 187.00
0 
0.620 0.61
0 
15500000.
000 
1.550 0.587 0.963 
10-11 cm 0.016 12.0
00 
300.00
0 
155.00
0 
0.520 145.00
0 
0.480 1.06
9 
15400000.
000 
1.540 0.793 0.742 
15-16 cm 0.016 10.0
00 
301.00
0 
133.00
0 
0.440 168.00
0 
0.560 0.79
2 
18700000.
000 
1.870 0.827 1.045 
20-21 cm 0.017 10.0
00 
302.00
0 
127.00
0 
0.420 175.00
0 
0.580 0.72
6 
17300000.
000 
1.730 0.729 1.004 
25-26 cm 0.016 13.0
00 
300.00
0 
92.000 0.310 208.00
0 
0.690 0.44
2 
13800000.
000 
1.380 0.424 0.958 
30-31 cm 0.015 14.0
00 
318.00
0 
98.000 0.310 220.00
0 
0.690 0.44
5 
14500000.
000 
1.450 0.447 1.004 
35-36 cm 0.015 14.0
00 
305.00
0 
98.000 0.320 207.00
0 
0.680 0.47
3 
13600000.
000 
1.360 0.438 0.926 
40-41 cm 0.015 13.0
00 
306.00
0 
96.000 0.310 210.00
0 
0.690 0.45
7 
15300000.
000 
1.530 0.481 1.053 
45-46 cm  0.014 15.0
00 
312.00
0 
103.00
0 
0.330 209.00
0 
0.670 0.49
3 
14000000.
000 
1.400 0.463 0.940 
50-51 cm 0.015 13.0
00 
302.00
0 
90.000 0.300 212.00
0 
0.700 0.42
5 
14800000.
000 
1.480 0.442 1.041 
55-56 cm 0.015 14.0
00 
307.00
0 
87.000 0.280 220.00
0 
0.720 0.39
5 
14200000.
000 
1.420 0.402 1.017 
60-61 cm 0.015 14.0
00 
302.00
0 
87.000 0.290 215.00
0 
0.710 0.40
5 
14000000.
000 
1.400 0.402 0.994 
65-66 cm 0.016 14.0
00 
302.00
0 
82.000 0.270 220.00
0 
0.730 0.37
3 
13300000.
000 
1.330 0.362 0.971 
70-71 cm 0.015 15.0
00 
313.00
0 
87.000 0.280 226.00
0 
0.720 0.38
5 
13600000.
000 
1.360 0.378 0.982 
75-76 cm 0.015 15.0
00 
311.00
0 
92.000 0.300 219.00
0 
0.700 0.42
0 
13000000.
000 
1.300 0.384 0.914 
80-81 cm 0.015 13.0
00 
301.00
0 
100.00
0 
0.330 201.00
0 
0.670 0.49
8 
15300000.
000 
1.530 0.508 1.021 
85-86 cm 0.016 12.0
00 
312.00
0 
90.000 0.290 222.00
0 
0.710 0.40
5 
16200000.
000 
1.620 0.467 1.151 
90-91 cm 0.016 13.0
00 
304.00
0 
66.000 0.220 238.00
0 
0.780 0.27
7 
14500000.
000 
1.450 0.316 1.139 
95-96 cm 0.015 14.0
00 
306.00
0 
52.000 0.170 204.00
0 
0.670 0.25
5 
14200000.
000 
1.420 0.242 0.949 
100-101 
cm 
0.015 16.0
00 
305.00
0 
45.000 0.150 260.00
0 
0.850 0.17
3 
12100000.
000 
1.210 0.178 1.031 
105-106 
cm 
0.017 14.0
00 
309.00
0 
60.000 0.190 249.00
0 
0.810 0.24
1 
12900000.
000 
1.290 0.250 1.039 
110-111  
cm 
0.014 15.0
00 
310.00
0 
67.000 0.220 243.00
0 
0.780 0.27
6 
13800000.
000 
1.380 0.299 1.085 
115-116 
cm 
0.016 14.0
00 
306.00
0 
70.000 0.230 236.00
0 
0.770 0.29
7 
13200000.
000 
1.320 0.301 1.016 
120-121 
cm 
0.016 14.0
00 
303.00
0 
65.000 0.210 238.00
0 
0.790 0.27
3 
13000000.
000 
1.300 0.278 1.018 
125-126 
cm 
0.014 15.0
00 
302.00
0 
61.000 0.200 241.00
0 
0.800 0.25
3 
13700000.
000 
1.370 0.276 1.091 
130-131 
cm 
0.015 14.0
00 
301.00
0 
58.000 0.190 243.00
0 
0.810 0.23
9 
13700000.
000 
1.370 0.265 1.108 
135-136 0.017 14.0 307.00 67.000 0.220 240.00 0.780 0.27 12600000. 1.260 0.275 0.984 
Appendix 4: Table of diatom measurements
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Depth 
(cm) 
Calendar 
Year 
(AD/BC) 
Linear 
Accumul
ation 
Rate 
(cm/yr) 
Bulk Mass 
Accumulatio
n Rate 
(g/cm2/yr) 
Total 
Diatom 
Frustules 
per cm2/yr 
Total 
Centric 
Frustules 
per 
cm2/yr 
Total 
Pennate 
Frustules 
per 
cm2/yr 
Organic 
Carbon 
Accumulatio
n Rate 
(g/cm2/yr) 
Nitrogen 
Accumulatio
n Rate 
(g/cm2/yr) 
0.5 2002 0.056 0.0076 8.21E+04 2.91E+04 5.28E+04 1.42E-03 1.04E-04 
5.5 1948 0.172 0.0180 2.79E+05 1.06E+05 1.73E+05 3.73E-03 2.80E-04 
10.5 1919 0.175 0.0159 2.45E+05 1.26E+05 1.18E+05 3.46E-03 2.61E-04 
15.5 1891 0.175 0.0132 2.47E+05 1.09E+05 1.38E+05 3.68E-03 2.71E-04 
20.5 1811 0.054 0.0045 7.76E+04 3.27E+04 4.50E+04 1.10E-03 8.00E-05 
25.5 1718 0.054 0.0053 7.28E+04 2.24E+04 5.05E+04 1.47E-03 1.05E-04 
30.5 1626 0.054 0.0033 4.76E+04 1.47E+04 3.29E+04 8.64E-04 6.04E-05 
35.5 1540 0.066 0.0057 7.69E+04 2.48E+04 5.23E+04 1.47E-03 9.08E-05 
40.5 1464 0.066 0.0059 9.05E+04 2.85E+04 6.23E+04 1.58E-03 1.10E-04 
45.5 1388 0.066 0.0052 7.24E+04 2.39E+04 4.86E+04 1.34E-03 9.40E-05 
50.5 1312 0.066 0.0059 8.69E+04 2.59E+04 6.11E+04 1.54E-03 1.04E-04 
55.5 1236 0.066 0.0062 8.82E+04 2.50E+04 6.32E+04 1.57E-03 1.11E-04 
60.5 1160 0.066 0.0064 8.91E+04 2.56E+04 6.33E+04 1.60E-03 1.18E-04 
65.5 1084 0.066 0.0064 8.47E+04 2.31E+04 6.19E+04 1.48E-03 1.09E-04 
70.5 1008 0.066 0.0064 8.65E+04 2.40E+04 6.24E+04 1.52E-03 1.15E-04 
75.5 932 0.066 0.0066 8.60E+04 2.54E+04 6.04E+04 1.48E-03 1.10E-04 
80.5 856 0.066 0.0073 1.12E+05 3.70E+04 7.44E+04 1.64E-03 1.17E-04 
85.5 780 0.066 0.0079 1.28E+05 3.69E+04 9.10E+04 1.87E-03 1.36E-04 
90.5 704 0.066 0.0087 1.26E+05 2.75E+04 9.91E+04 1.98E-03 1.43E-04 
95.5 628 0.066 0.0076 1.07E+05 1.83E+04 7.18E+04 1.80E-03 1.33E-04 
100.5 552 0.066 0.0078 9.48E+04 1.40E+04 8.08E+04 2.01E-03 1.45E-04 
105.5 476 0.066 0.0074 9.52E+04 1.85E+04 7.67E+04 1.83E-03 1.30E-04 
110.5 400 0.066 0.0075 1.03E+05 2.23E+04 8.09E+04 1.83E-03 1.33E-04 
115.5 324 0.066 0.0079 1.04E+05 2.37E+04 7.98E+04 1.99E-03 1.43E-04 
120.5 248 0.066 0.0060 7.74E+04 1.66E+04 6.06E+04 1.57E-03 1.18E-04 
125.5 172 0.066 0.0062 8.54E+04 1.72E+04 6.80E+04 1.63E-03 1.16E-04 
130.5 96 0.066 0.0080 1.10E+05 2.13E+04 8.90E+04 2.11E-03 1.49E-04 
135.5 20 0.066 0.0073 9.16E+04 2.00E+04 7.16E+04 1.66E-03 1.16E-04 
140.5 -56 0.066 0.0072    1.93E-03 1.34E-04 
 
Appendix 5: Table of calculated accumulation rates.
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